Objective: To assess the efficacy, safety, and tolerability of adjunctive brivaracetam (BRV), a selective, high-affinity ligand for SV2A, for treatment of partial-onset (focal) seizures (POS) in adults.
Brivaracetam (BRV) (UCB Pharma, Brussels, Belgium), a newer member of the racetam class, was rationally designed to selectively target SV2A with a high binding affinity, 11 15-to 30-fold greater than that of LEV. 12 In animal models of focal and generalized epilepsy, BRV shows more potent seizure protection than LEV. 12, 13 At therapeutically relevant concentrations, BRV shows no effect on voltage-gated potassium channels 14 or sustained repetitive firing in voltage-gated calcium channels, 15 nor does it bind to AMPA or GABA A receptors or transporters. 12 Therefore, BRV does not appear to act via conventional AED mechanisms.
The BRV clinical development program included 2 phase II and 3 phase III fixeddose studies in patients with epilepsy, primarily those with uncontrolled partial-onset (focal) seizures (POS) (NCT00175929, NCT 00175825, NCT00490035, NCT00464269, NCT01261325; ClinicalTrials.gov). [16] [17] [18] [19] [20] Herein, we present pooled efficacy and safety analyses for the 3 fixed-dose phase III studies: N01252 (NCT00490035), 18 N01253 (NCT00464269), 20 and N01358 (NCT01261325). 19 METHODS BRV phase III program. The design and methodology of the 3 randomized, double-blind, placebo-controlled, fixeddose phase III studies have been published previously [18] [19] [20] ( figure 1A ). The studies were conducted in Europe, North America, South America, Asia, and Australia from September 2007 to December 2013. The BRV dosages ranged from 5 mg/d (N01253) to 200 mg/d (N01358), initiated without up-titration.
Key inclusion and exclusion criteria. Eligible patients were male or female, aged 16 to 70 years with body weight $45 kg in studies N01252 and N01253, and 16 to 80 years with body weight $40 kg in N01358. All patients had uncontrolled, wellcharacterized POS, with or without secondary generalization, despite treatment with 1 to 2 AEDs (vagal nerve stimulation was counted as an AED in study N01358 only). Patients must have experienced $8 POS during the 8-week baseline period, averaging $4 POS per 28 days. For study N01358 only, patients also had $2 POS during each 4-week interval of the baseline period (i.e., weeks 0-4, 1-5, etc.).
Concomitant AEDs were kept stable for $1 month before study entry and throughout the treatment periods. Concomitant LEV use was restricted to ,20% of patients in N01252 and N01253. In study N01358, treatment with LEV concomitantly or #90 days before entering the study was not permitted.
Standard protocol approvals, registrations, and patient consents. The studies were approved by an appropriate ethical standards committee and conducted in accordance with applicable regulatory requirements, including International Conference on Harmonisation/Good Clinical Practice requirements. The trials were registered on ClinicalTrials.gov (NCT00490035, NCT00464269, NCT01261325). Written informed consent was obtained from each patient (or their legal guardian) before enrollment.
Pooled analysis. Data from N01252, N01253, and N01358 were pooled by BRV dosage. The 5 and 20 mg/d dosage groups were excluded because of limited efficacy. The efficacy population comprised all patients from the primary efficacy analyses, randomized to BRV dosages of 50, 100, or 200 mg/d, or placebo, excluding those taking concomitant LEV in studies N01252 and N01253. The safety population comprised all patients randomized to BRV dosages of 50, 100, or 200 mg/d, or placebo, who took #1 dose of study drug, including those taking concomitant LEV.
Endpoints. The primary endpoints were percent reduction in POS frequency over placebo per 28 days and $50% responder rate. Secondary endpoints included percent reduction in POS frequency from baseline to treatment period, seizure freedom during the treatment period, and categorized reduction in POS frequency from baseline to treatment period (100%-75% reduction, 75%-50% reduction, etc.). Prespecified subgroup analyses by AED inducer status and number of prior AEDs were conducted for percent reduction in POS frequency from baseline.
For consistency with study N01358, treatment-emergent adverse events (TEAEs) for studies N01252 and N01253 were recoded from the Medical Dictionary for Regulatory Activities (MedDRA) version 9.0 to version 15.0. Laboratory parameters, vital signs, body weight, and ECG findings were pooled and summarized.
Classification of evidence. Statistical analysis and methodology. Statistical analyses were conducted for descriptive purposes only; no prespecified a level for statistical significance was defined. To allow pooling, percent reduction in POS frequency over placebo data from N01252 and N01253 were adjusted from a 7-day to a 28-day time period. For patients who discontinued, 28-day adjusted seizure frequencies were calculated from the available data.
Pooled percent reduction in POS frequency over placebo per 28 days was assessed by analysis of covariance with logtransformed 28-day adjusted POS frequency over the treatment period as the outcome, with effects for treatment and study, and log-transformed baseline POS frequency as a continuous covariate. Treatment effects were assessed using percent reduction over placebo based on back-transformation of least-squares means obtained for each treatment group from the analysis of covariance model. Pooled $50% responder rate was assessed by logistic regression with effects for treatment and study, and logtransformed baseline POS frequency as a continuous covariate.
For percent reduction in POS frequency from baseline, treatment group comparisons were based on the Wilcoxon-MannWhitney test. Seizure freedom rates were compared using the Fisher exact test. Categorized percent reduction in POS from baseline was assessed using a stratified Mantel-Haenszel test for comparison of row mean scores, stratified by study.
Seizure-free patients completed every seizure diary day for the entire 12-week treatment period without reporting any seizures. For analysis by AED inducer status, carbamazepine, phenobarbital, phenytoin, and primidone were classified as inducers. Europe, and 181 (14.3%) Asia/Pacific/other. Across treatment groups, $90.0% of patients completed the studies (figure 1B).
RESULTS
Most demographic and baseline characteristics for the efficacy population were well-balanced across treatment groups (table 1) . Across the studies, the mean duration of epilepsy ranged from 22 to 24 years. Most patients reported complex POS (type IB) during the baseline period, but many patients experienced $1 seizure type. LEV status was balanced across treatment groups except for BRV 50 mg/d, which was included only in studies N01252 and N01253. The exclusion of patients taking concomitant LEV in these studies from the pooled analysis figure 3B ). The overall seizure freedom rate was 2.5% (4/161), 5.1% (17/332), and 4.0% (10/249) for BRV 50, 100, and 200 mg/d, respectively, compared with 0.5% (2/418 patients) for placebo. There was a larger proportion of patients with 50% to ,75% and 75% to ,100% reduction in POS frequency from baseline for all BRV dosages compared with placebo ( figure 3C ).
Efficacy subgroup analyses. Patients with more prior AEDs tended to have lower percent reduction in POS frequency from baseline (figure e-1A on the Neurology ® Web site at Neurology.org). Percent reduction in POS frequency from baseline was not affected by concomitant AED inducer status (figure e-1B).
Safety and tolerability. In the safety population (1,262 patients), the incidence of TEAEs, severe TEAEs, and serious TEAEs was similar for BRV and placebo (table 2) . Patients taking BRV were approximately twice as likely to discontinue because of TEAEs as those taking placebo, with no clear dose effect. The most common serious adverse event in patients taking BRV was a "fall" (3 patients, 0.4%); all were related to seizure activity.
Three patients taking BRV and one taking placebo died. The patient taking placebo died of sepsis. Among the BRV-treated patients, an 18-year-old man with history of status epilepticus experienced sudden unexpected death in epilepsy (SUDEP) 1 day after the last confirmed dose of BRV (200 mg/d). A 34-year-old man experienced a typical POS and was found unresponsive 5 hours later, 9 days after the last confirmed dose of BRV (200 mg/d); a specific cause of death was not recorded. A 21-year-old woman was found unresponsive in her bed 2 weeks after her last confirmed intake of BRV (50 mg/d); cause of death was recorded as brain hypoxia. All 3 deaths met the criteria for SUDEP. 21 The most common TEAEs, reported in $3% of patients taking BRV, were somnolence, dizziness, headache, and fatigue; the incidence of headache was similar for BRV and placebo (9.6% and 10.2%, respectively). Two patients (0.2%) taking BRV and No clinically meaningful changes from baseline were seen for most hematology parameters. However, there was a small downward trend in neutrophil levels for BRV compared with placebo (20.27% vs 10.3% change from baseline for BRV overall and placebo, respectively, expressed as percent of leukocytes). Four patients taking BRV (0.5%) had neutropenia, compared with none taking placebo. No associated infections were reported and BRV was not discontinued.
There were no clinically meaningful changes from baseline in clinical chemistry, urine analysis parameters, vital signs, or body weight across treatment groups. Overall, the incidence of clinically significant ECG abnormalities was low and comparable with placebo: at baseline, clinically significant ECG abnormalities were found in 5 patients receiving BRV (0.6%) and 2 patients receiving placebo (0.4%), compared with 8 patients receiving BRV (1.0%) and 2 patients receiving placebo (0.4%) at the last treatment period assessment. The total number of patients with ECG shifted from normal at baseline to abnormal at last assessment was 54 for BRV (6.8%) and 33 for placebo (7.3%) .
DISCUSSION This pooled analysis of 3 phase III studies supports the efficacy and safety of adjunctive BRV in a large number of patients with POS.
Since BRV and LEV both exert antiepileptic effects through SV2A, studies N01252 and N01253 limited concomitant LEV to ,20% of patients. 18, 20 Findings suggested reduced BRV efficacy in patients taking concomitant LEV compared with those with prior LEV exposure or the LEV-naive. Study N01358 excluded patients taking concomitant LEV; however, a post hoc analysis found BRV was effective for both LEV-naive patients and those with prior LEV exposure. 19 To allow meaningful analysis, the pooled efficacy population also excluded concomitant LEV, thus limiting the overall number of patients available for analysis. However, the pooled safety analysis included all patients who took $1 dose of study drug, regardless of LEV status.
In this analysis, the higher BRV dosages (100 and 200 mg/d) were more efficacious than BRV 50 mg/d, although there was no clear dose response from 100 to 200 mg/d. Our analysis focused on the proposed therapeutic dosages, but the BRV phase III program explored a wider range. Dose-response results for these studies were variable: BRV 5, 20, and 50 mg/d 16, 20 showed a dose response, whereas studies using dosages of 50 and 150 mg/d 17 and 20, 50, and 100 mg/d, 18 did not. These discrepancies are currently unexplained; possibilities include saturation of the SV2A binding site by BRV at dosages $100 mg/d, a ceiling effect on modulation of the role of SV2A in neurotransmitter release, or other unknown mechanism(s). While the patient groups were generally well-balanced for epilepsy Table 2 Summary and incidence of TEAEs (reported in ‡3% of patients taking BRV), n (%) (safety population) duration and number of previous AEDs, it is possible that there were some unidentified, uncontrolled differences in their seizure refractoriness. The lack of dose response is currently being explored further. The results of this pooled phase III analysis were similar to 2 recent meta-analyses. 22, 23 These included group-level data from studies N01252 and N01253, but not N01358 (the largest study), plus some additional studies and subtherapeutic dosages. Both concluded that BRV has statistically significant efficacy over placebo for POS in adults. For $50% responder rate, both found that BRV 20, 50, and 100 mg/d were effective over placebo, but not 5 mg/d. Tian reported significance over placebo for 150 mg/d, but Ma did not. This dosage was only used in one phase IIb study, 17 so was not included in our pooled analysis. The significant efficacy for BRV 20 mg/d in the meta-analyses may be attributable to data from a phase IIb study 16 that was not included in our pooled analysis.
The efficacy subgroup analyses showed an inverse correlation between number of prior AEDs and reduction in POS frequency. This was expected because seizures in patients with more prior AEDs are generally more difficult to treat, regardless of the AEDs used. 24 However, the reduction in POS frequency was numerically greater than placebo for all 3 BRV dosages and all subgroups.
Concomitant enzyme-inducing AEDs (carbamazepine, phenobarbital, phenytoin, and primidone) can affect the pharmacokinetics of other medications, 25 potentially reducing their efficacy. Previous work showed that BRV 400 mg/d (twice the highest dose in the phase III program) taken concomitantly with carbamazepine 600 mg/d increases the plasma concentration of carbamazepine epoxide, an active metabolite, 2.3-fold. 26 Conversely, carbamazepine modestly decreased BRV exposure. 26 The clinical significance of this interaction on BRV efficacy is under investigation. However, our subgroup analysis showed that BRV efficacy was not affected by concomitant inducers.
No dose-response relationship was identified for the occurrence of adverse events except for somnolence and fatigue. The incidence of psychiatric TEAEs in this pooled analysis of the BRV phase III studies may appear lower than in the corresponding LEV studies. [8] [9] [10] However, direct comparison between these studies is not recommended because of differences in study design and TEAE coding.
Of note, in one of the phase II studies and all phase III studies of BRV, treatment was initiated at the target dose, without up-titration. The possibility of starting a new AED at target dosage is likely to be advantageous in achieving seizure control, as patients receive an effective dosage from the first administration.
There were no reports of suicide attempt or completed suicide during the 3 studies. While 8 BRVtreated patients (1.0%) had clinically significant ECG abnormalities, these were not reported as serious drug-related TEAEs. Three deaths were reported in BRV-treated patients, which could be classified as SUDEP per the Ryvlin 2011 criteria, and none in patients taking placebo. However, the incidence of SUDEP reported throughout the BRV program is within the range reported in other AED development programs and community-based epidemiologic studies.
There is currently little information to guide clinical decision-making regarding optimal combination of AEDs based on mechanism of action. 27, 28 However, some studies (clinical and preclinical) and exploratory analyses 29, 30 have shown different outcomes when AEDs of different or similar classes are combined. Although a detailed analysis of response to BRV by LEV status is outside the scope of this report, further analyses are ongoing. The concept of "rational polytherapy" is an area for future prospective studies.
There are several limitations associated with this analysis, including some minor differences in study populations and methodology. The most notable difference was exclusion of patients receiving concomitant LEV from study N01358, 19 resulting in the pooled efficacy population containing fewer patients than the total phase III population. Because of differences in patient populations, study locations, and methodologies, it is difficult to make comparisons between our data and results of studies with other AEDs: only prospective head-to-head studies can provide such comparisons.
For patients who discontinued during the treatment period, 28-day seizure frequency was calculated based on the available seizure diary data. This might have affected the overall seizure frequency outcome. However, the relatively low discontinuation rate, and lack of dosage-related discontinuation, means that any such effect should be small and equal across dosage groups. Finally, the pooled studies had a relatively short (12-week) double-blind treatment duration. The 3 ongoing open-label, long-term follow-up studies (NCT00175916, NCT00150800, and NCT01339559), in which some patients have received BRV for $8 years, will provide valuable insight into the long-term efficacy profile of BRV.
This pooled analysis of 3 phase III studies supports the efficacy, safety, and tolerability of adjunctive BRV in a large number of adult patients with POS. All 3 dosages of BRV evaluated here (50, 100, and 200 mg/d) were efficacious, with numerical separation from placebo across multiple endpoints, including seizure freedom.
